Cardiovascular disease (CVD) is the world's most prevalent chronic disease and the leading chronic cause of morbidity. There are several psychosocial factors associated with quality of life during CVD. Our main objectives were to analyze the roles of conscientiousness, subjective wellbeing and self-efficacy beliefs. The sample comprised 514 patients (mean age 63.57 years) who were assessed twice over a nine-month interval. At Time 1, participants answered a questionnaire assessing conscientiousness, perceived subjective wellbeing (positive and negative affect, life satisfaction), cardiac self-efficacy and health-related quality of life (HRQoL). The same variables (except for conscientiousness) were re-assessed at Time 2. Results showed that conscientiousness had a positive relation with subjective wellbeing, cardiac self-efficacy, and HRQoL at Time 1. Moreover, cardiac self-efficacy at Time 1 had a positive longitudinal effect on HRQoL at Time 2, while controlling for autoregressive effects. Mediation analyses indicated that the relationship between conscientiousness and HRQoL was mediated by positive affect and cardiac self-efficacy. These results suggest the usefulness of psychosocial interventions aimed at promoting positive affect and self-efficacy beliefs among CVD patients.
Introduction
Cardiovascular disease (CVD) is the most common cause of death worldwide, although presumably it should be approximately the third most common cause of death globally [1] . It PLOS ONE | https://doi.org/10.1371/journal.pone.0223862 October 17, 2019 1 / 13 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 accounts for 31.5% of all deaths, and heart attacks are the main cause of death in people with CVD [2] . In Europe CVD causes about four million deaths every year, accounting for 45% of all deaths according to the European Heart Network [3] . The trend is the same in Spain, where CVD is the main cause of death, and responsible for 30% of all deaths [4] . One of the priority objectives of the Global Action Plan 2013-2020 [5] is to achieve a 25% reduction in new cases of CVD by 2025. There are several psychosocial factors in CVD that are associated with health-related quality of life (HRQoL) and according to the social cognitive theory of personality it is important to consider the interrelationships between cognitive, emotional and motivational variables [6] . The present research analyzes how a set of psychosocial determinants -conscientiousness, subjective wellbeing (affective balance; life satisfaction), and cardiac self-efficacy-affect HRQoL, testing a longitudinal model in a large sample of patients with CVD.
Conscientiousness and health-related quality of life
As a personality trait, conscientiousness involves dutiful behavior, self-discipline, and achievement in the face of low expectations [7] . Conscientious people are healthier, as found in a study on the relationships between personality, wellbeing and health [8] . Scientific research has shown that conscientiousness is negatively associated with CVD mortality [9] and positively associated with longevity [10] . There have been numerous reports that conscientiousness is related to perceived health. For example, a review by Karademas and Tsaousis [11] concluded that people who score high for conscientiousness display a relatively large repertoire of behaviors intended to promote health (e.g., diet and exercise). All in all, studies have shown that conscientiousness predicts healthy behaviors, but the relationship is complex and there have as yet been few longitudinal studies analyzing how personality characteristics are related to cardiovascular health [8, 12] . The present study contributes to the literature by examining the association between conscientiousness and HRQoL in a large sample of cardiovascular patients. Based on the evidence reviewed above, we hypothesized that: H1: CVD patients with higher levels of conscientiousness will present higher HRQoL
Conscientiousness, subjective well-being, and health-related quality of life
Subjective well-being involves cognitive and affective evaluations about one's life that reflect high life satisfaction, experience of pleasant emotions and low levels of negative moods. Under this definition, subjective well-being has three primary components: positive affect, negative affect and life satisfaction. These components have been consistently related to improved states of health and quality of life [13] .
Earlier studies have found that conscientiousness is positively related to affective balance, and practice of health promoting behaviors [14] . There is also evidence that a positive affective balance (i.e., high levels of positive affect and low levels of negative affect), protects against CVD and is associated with the slower progression of CVD [15] . Correspondingly, it has been shown that negative affective balance is associated with a worse prognosis in cardiac patients [16] . Using an intervention program, Sanjuan et al. [17] have found that negative affect was associated with a worse development of CVD, whereas positive affect was associated with a better prognosis with respect to HRQoL. Peleg et al. [18] have observed that high values of positive affect and low values of negative affect are associated with an increase in self-assessed health in cardiac patients. In sum the empirical evidence suggests that conscientiousness is related to subjective well-being, which in turn, predicts better health outcomes. Based on earlier findings, we hypothesized that:
H2: Conscientiousness will display a positive association with affective balance (i.e., a positive relation with positive affect and a negative relation with negative affect) (H2a), and affective balance will mediate the relationships between conscientiousness and HRQoL (H2b).
A study of the relationships between personality traits and life satisfaction [19] found that conscientiousness is positively related to life satisfaction, defined as an individual's evaluation of their life. An extensive meta-analysis that reviewed studies of associations between subjective wellbeing and cardiovascular functioning, which are related to health and cardiovascular events [20] , also concluded that subjective wellbeing (operationalized as affective balance and life satisfaction), affects global health perception.
An extensive review of the relationships between conscientiousness behaviors and health [21] has suggested the need to explore mediators associated with complex mediational chains which appear along the life course. These authors [21] have confirmed that the mechanisms by which the mediational chains affect health-as the development of life satisfaction self-evaluation-have not been thoroughly studied; and therefore, life satisfaction self-evaluation could act as a mediator between the effect of conscientiousness on health-related quality of life. Based on these findings, we formulated the following hypotheses:
H3: Conscientiousness will display a positive association with life satisfaction (H3a); life satisfaction will mediate the relationships between conscientiousness and health-related quality of life (H3b).
Conscientiousness, cardiac self-efficacy and health-related quality of life
Some researchers [22] have found that cardiac patient adherence to a medication regime is influenced by cardiac self-efficacy beliefs. Self-efficacy levels for specific cardiovascular healthrelated behaviors, such as cardiovascular treatment and activity self-efficacy, are important determinants of cardiovascular health [23] . As discussed earlier, conscientiousness is also linked to health, because it facilitates adherence and self-discipline as regards medical recommendations, including medication regimes [24] . The relationship between conscientiousness and self-efficacy (i.e., the beliefs in one's ability to undertake a certain course of action to attain a specific goal) has been analyzed in different domains, such as academic performance [25] , where self-efficacy beliefs act as mediators of the personality-performance relationship. In the health domain, however, analysis of the relationship between personality, cardiovascular self-efficacy, and health had received little research attention.
Some studies have found evidence that conscientiousness is associated with diabetes selfefficacy [26] -in the sense of compliance with treatment and recommendation for diet and physical activity -with the intention of performing interventions that improve the subjective wellbeing and quality of life of these patients. There is also evidence that self-efficacy mediates the relationship between conscientiousness and HRQoL in patients with chronic disease [27] . A recent study [28] investigated emotional regulation and self-efficacy beliefs as potential mediators of the relationship between personality and quality of life, including HRQoL. The authors found that conscientiousness has direct and indirect effects on quality of life, mediated by emotion regulation and self-efficacy [28] . We therefore hypothesized that:
The current study
The main purpose of this research was to explore the pattern of relationships between conscientiousness, subjective wellbeing (affective balance and life satisfaction), cardiac self-efficacy (with respect to medicine and activity treatments) and HRQoL. The posited model is shown in Fig 1. In this model, conscientiousness affects life satisfaction, cardiac self-efficacy, positive and negative affect, and HRQoL at Time 1. It also includes autoregressive paths and crosslagged effects for life satisfaction, cardiac self-efficacy, affective balance, and HRQoL. This allows an examination of reciprocal relations between examined variables over time.
Method

Participants and procedure
The current research sample comprised 514 participants (age range: 34-82 years, M = 63.57, SD = 9.16, 86.4% men). All participants were patients with CVD, who had experienced an ischemic heart disease. They were involved voluntarily in the CORDIOPREV study. CORDIO-PREV's participants were registered as being a clinical population with a high body mass index, a median of low-density lipoprotein cholesterol, and 58% presenting with a metabolic syndrome. An explanation of patient selection can be found on the project website [http:// www.cordioprev.es/], indicating both the inclusion criteria (informed consent and diagnostic criteria) and the exclusion criteria (age, heart failure, ventricular dysfunction, serious risk factors, chronic diseases not related to coronary risk, participants in other studies).
The study was approved by the Research Ethics Committee of the Servicio Andaluz de Salud and the Reina Sofía Hospital (June 30 th , 2015). Participation was totally anonymous and voluntary, and participants were informed of the objectives of the research before they 
Measures
In this section we present the scales contained in the self-reported questionnaire used in the present study. All measures except that used to assess conscientiousness were completed at both Time 1 and Time 2. The first part of the questionnaire consisted of questions collecting sociodemographic data (e.g., age, gender, educational level).
Conscientiousness. The conscientiousness trait was assessed using a shortened version of the Big Five Questionnaire (BFQ) [29] . The scale consists of 12 items, related to scrupulousness (e.g. 'I've never been a perfectionist') and perseverance (e.g. 'If I fail at something, I try again until I get it') facets. Responses to all items were given using a seven-point Likert scale, where 1 = 'completely false' and 7 = 'completely true'. The 12 items were averaged to obtain an overall conscientiousness score. In the present sample, the alpha reliability coefficient was acceptable (α = .70). Because conscientiousness is a stable personality disposition, it was assessed only at Time 1.
Affective balance. We assessed affective balance using a short version of the Positive and Negative Affect Scale (PANAS) [30] . Participants responded to 10 items using a seven-point Likert scale, where 1 = 'strongly disagree' and 7 = 'strongly agree'; there were five items measuring negative affect (e.g. "afraid") and five measuring positive affect (e.g. "inspired"). In our sample, both negative and positive affect scales showed high reliability: α = .81 and α = .89, respectively at Time 1; α = .83 and α = .89, respectively at Time 2.
Life satisfaction. We used the Satisfaction with Life Scale [31] to measure the extent to which participants felt satisfied with their life and experienced subjective wellbeing. Participants responded to five items (e.g. 'Most aspects of my life are close to my ideal') using a seven-point Likert scale, where 1 = 'completely false' and 7 = 'completely true'. The scale reliability was high (α = .86 at Time 1; α = .86 at Time 2).
Cardiac self-efficacy. We used a short version of the Cardiac Self-Efficacy Scale [32] to assess how confident participants were in their ability to follow the recommendations of their medical team. The scale consisted of 13 items divided into two factors. The first factor, control symptoms, composed of 8 items, and captures patient confidence in their ability to control their symptoms (e.g., 'How confident are you that you know how to take your cardiac medication'); the second factor, maintain function, was composed of 5 items, and captures patient confidence that they could maintain their level of functioning (e.g., 'How confident are you that you can maintain your usual social activities'). Responses were given using a seven-point Likert scale, where 1 = 'not at all confident' and 7 = 'totally confident'. In the present study, both factors showed adequate reliability (α = .83 and α = .70 respectively at Time 1; α = .82 and α = .65 respectively at Time 2).
Health-related quality of life. Participant perceptions of their HRQoL were evaluated using a Spanish version of the Short-Form 12 (SF-12) health survey [33] . Participants responded to a 12-item short-form (e.g. 'In general, how would you say your health is?'). This internationally used measure had showed good psychometric values for evaluating subjective health functions in cardiac patients [34] . Reliability was high (α = .81 at Time 1; α = .82 at Time 2).
Statistical analysis
Descriptive statistics (means and standard deviations) were calculated for all the study variables. Pearson's correlations were used to measure the associations between them. These analyses were carried out with SPSS (v. 22). We then used structural equation modeling (SEM) in AMOS (v. 22) with Maximum Likelihood estimator (ML) to test the model represented in Fig  1. All constructs were treated as observed variables with the exception of cardiac self-efficacy, which was included as a latent factor defined by the subscales maintain function and control symptoms. Model fit was assessed with the chi-squared statistic (χ 2 ), the comparative fit index (CFI), the Tucker-Lewis index (TLI), the root mean square error of approximation (RMSEA) and standardized root mean square residual (SRMR). To evaluate model fit, we followed Hu and Bentler's recommendations [35] . These authors see CFI and TLI values greater than .95, RMSEA values lower than .08, and SRMR values lower than .05 as indicative of adequate model fit. Finally, in order to test our hypotheses about mediation effects, we used the SPSS macro PROCESS [36] . Specifically, we estimated the indirect effects and 95% bias-corrected confidence intervals using a bootstrapping resampling procedure with 10,000 replications. Table 1 reports descriptive statistics (means and standard deviations) and Pearson correlations for the study variables. Correlations were all in the expected direction. Conscientiousness was positively related to positive affect, life satisfaction, the two dimensions of cardiac self-efficacy (maintain function and control symptoms) and HRQoL. At both Time 1 and Time 2, positive As shown, conscientiousness was significantly related to HRQoL (H1), life satisfaction (H3a), and cardiac self-efficacy (H4a) at Time 1. Moreover, conscientiousness was positively related to positive affect, but showed a non-significant relationship with negative affect. Hypothesis H2a was thus only partially confirmed.
Results
Autoregressive effects are all significant, ranging from .43 (HRQoL, negative affect) to .66 (cardiac self-efficacy). This suggests moderate to high stability over the study period for the examined variables. We found that cardiac self-efficacy at Time 1 positively predicted HRQoL at Time 2, after the stability of the variables had been taken into account. Moreover, life satisfaction positively predicted later scores on positive affect. The other path coefficients were not statistically significant.
The results of the mediation analyses ( Table 2) showed that the association between Conscientiousness and HRQoL was fully mediated by affective balance (H2b). This means that those patients who have higher levels of conscientiousness feel more positive and, in turn, show higher levels of HRQoL. Satisfaction with life fully mediated the association between conscientiousness and HRQoL (H3b). Highly conscientious patients thus tend to display higher satisfaction with life, which in turn leads to higher levels of HRQoL. Lastly, the relationship between conscientiousness and HRQoL was fully mediated by cardiac self-efficacy (H4b). Conscientious patients thus had higher levels of cardiac self-efficacy scores, which in turn lead to improved HRQoL.
Discussion and conclusions
The aim of this article was to explore conscientiousness, subjective wellbeing (affective balance and life satisfaction) and cardiac self-efficacy (maintain function and control symptoms) as predictors of HRQoL in a longitudinal model. We hypothesized that CVD patients with higher conscientiousness scores would report greater HRQoL, as previously stated by Friedman et al. [12] . This hypothesis was confirmed in the present study. We also hypothesized that CVD patients with higher conscientiousness scores would report a more positive affective balance. This was partially confirmed by the results from our study, which indicated that there was a significant relationship between conscientiousness and positive affect, but not with negative affect. We also confirmed that affective balance mediated the relationship between conscientiousness and HRQoL (H2b). This finding is in line with the suggestions of Sirois and Hirsch [15] .
We further hypothesized that CVD patients with higher conscientiousness scores would display greater life satisfaction. This hypothesis was confirmed, in accordance with a recent study carried out by Heidemeier and Göritz [20] . Moreover, we found that life satisfaction [14] view that life satisfaction affects health. The hypothesis that CVD patients with higher conscientiousness would display higher levels of self-efficacy with respect to their ability to control symptoms and to maintain functioning was confirmed. This result is consistent with previous studies of health behavior in other contexts. For example, Fisher et al. [26] demonstrated a relationship between conscientiousness and diabetes self-efficacy. We also found that the relationship between conscientiousness and HRQoL was fully mediated by cardiac self-efficacy. Importantly, beliefs in one's own capabilities have shown a longitudinal effect on HRQoL (i.e., they were able to predict later improvements in perceived health-related quality of life).
Limitations and future research
A limitation of this study is the low number of women participants, which is in line with the gender imbalance in other studies [19, 37] . Another limitation is that, despite the longitudinal design and very large sample, some factors that could have affected patient health between Time 1 and Time 2 were not controlled for. For instance, socioeconomic status or perceptions of social support have not been considered. Future studies should take these factors into account, as suggested by European Guidelines on CVD [38] . Conscientiousness was also assessed only at Time 1, and thus, our study provides only weak evidence for the mediation effects tested in the present sample, and the results have to be taken with caution.
One of the main strengths of our study is the investigation of the role played by the conscientiousness trait on CVD. This personality factor probably affects health because conscientious patients are better at following treatment recommendations. Our results might suggest the importance of providing more detailed guidelines for patients with low conscientiousness, and putting in place more comprehensive follow-up, offering more feedback. We agree with Bogg and Roberts [39] that consideration should be given to including a measure to improve conscientiousness in future programs designed to improve health, however, conscientiousness is a personality trait that could be difficult to improve with training or personalized intervention for cardiac patients. Nevertheless, based on the successful results of self-efficacy training programs on health promotion [40] , training could be linked to both cardiac self-efficacy factors, such as the confidence in one's ability to follow medical instructions and control symptoms, and to follow recommendations to maintain a level of functioning in social activities [32] , for instance like that proposed in the planning program on cardiac self-efficacy used by Cajanding [41] . Another strength is the use of a longitudinal model with a large sample of CVD patients. The model includes measures of various factors that are relevant to patient health, wellbeing and quality of life. Of course, a number of other potentially relevant factors should be considered in future research, such as strategies for the regulation of stress. One approach to future intervention would be to study the role of such strategies in improving the HRQoL and wellbeing of cardiac patients by reducing negative affect and increasing long-term positive affect [42] . Future studies could replicate our study in other populations of chronic patients, who have to live with the symptoms in the long term, as is the case for diabetes patients. This might further increase the significance of the conscientiousness trait for patients' quality of life. In relation to cardiovascular health, the present study supports the notion of healthy personality proposed recently by Bleidorn et al. [43] .
Psychosocial intervention
Finally, these results contribute to the identification of psychosocial variables that could be incorporated into preventive and training programs designed to reduce cardiovascular symptoms, improve overall health and prevent a second cardiac episode, all creating better HRQoL. As has been pointed out by Friedman et al. [12] it is necessary to design and analyze more sophisticated causal models that include personality traits-such as conscientiousnessand interactions amongst variables. Our results also suggest that it may be time to include wellbeing interventions in public health programs and alert policy makers to the relevance of subjective wellbeing for HRQoL. The intervention assessed by Sanjuán et al. [18] stands out as an example of an effective cardiac intervention based on positive emotions. The program developed by Schwarzer et al. [44] to improve self-efficacy with respect to dietary treatment is notable as an example of an effective self-efficacy intervention. Another example in this field is the intervention developed by Wang et al. [45] ; they trained cardiac patients using a multimedia exercise program. In summary, this HRQoL model is important for future interventions with cardiac patients, as it could increase the achievement and maintenance of healthy behaviors, as suggested by the European cardiovascular prevention guide [37] .
Conclusions
The aim of this study was to develop and test a longitudinal path model linking conscientiousness, subjective wellbeing (affective balance and life satisfaction), cardiac self-efficacy and HRQoL, in patients with CVD. Our analysis of psychosocial variables allowed us to verify the existence of positive interactions and construct a predictive model for quality of life that could be used to prevent future cardiac episodes in CVD patients. Our main contribution lies in the possibility that this longitudinal model will be used to design preventive psychosocial interventions and health promotion strategies to improve the wellbeing of CVD patients. Our results indicate that it is necessary to increase the frequency with which CVD patients experience positive affect and improve their level of conscientiousness and perceived cardiac self-efficacy in order to improve their perceived HRQoL. Finally, further research is needed to confirm the associations we observed and reinforce and improve the HRQoL model.
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